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Generative AI Discovers Record-Breaking Broadband Light Absorbers

1

Scientific Achievement
With aid of AI, first experimental demonstration of a broadband (>1000 nm bandwidth) absorber above 98% absorption 
through the inverse design of an epsilon-near-zero multilayer thin film stack.

Research Details
• A generative neural network explores a vast design space of 

multilayer epsilon-near-zero films.
• Physics-in-the-loop simulations in the training process 

removes the need for large datasets.
• AI-designed films were fabricated and absorb nearly all light 

across a broad infrared band.

Significance and Impact
AI-enabled rapid discovery and engineering of on-demand 
broadband metamaterials have profound technological 
implications for energy harversting, sensing, and imaging.

Figure: Generative AI design of an ultra-broadband absorber. A neural network proposes the 
material properties and thickness of each layer, a physics model simulates the resulting 
absorption, and feedback from the simulation trains the network. Experimental 
measurements match closely with simulation.
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Presenter Notes
Presentation Notes
1-2 paragraph description of highlight
Broadband light absorbers are used in thermal imaging cameras, infrared sensors, solar energy harvesting, and stealth technologies. However, commercial absorbers rely on thick coatings, and nanostructured alternatives often require complex lithography that is hard to scale. Ultrathin films of epsilon-near-zero (ENZ) materials, such as the transparent conducting oxides indium tin oxide (ITO) and aluminum-doped zinc oxide (AZO), can absorb light almost perfectly. A single layer works only over a narrow wavelength range, though. Stacking several layers can broaden the response, but the number of possible combinations of layer thickness and material properties is far too large to search by hand.

To solve this, researchers built a generative neural network that proposes complete multilayer designs. Each design is evaluated with a physics-based optical model inside the training loop, so the network learns directly from the physics instead of from a precomputed dataset. Of 10,000 AI-generated designs, 6,840 met the 98% absorption target and the best performing design was chosen for experimental fabrication. The resulting film is under 160 nm thick and absorbs more than 98% of incoming light across ~1,080 nm of the near-infrared, a bandwidth limited only by the measurement equipment. To the authors' knowledge, this is the broadest experimentally demonstrated bandwidth for a perfect absorber this thin. The work establishes a general strategy for AI-driven design of photonic devices for energy, sensing, and integrated optics.
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